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Abstract 
Video games continue to be a growing and vibrant industry. These games have 
an unprecedented ability to persuade their players to overcome gameplay challenges. 
As educators struggle to motivate the learners in their classroom, games provide a 
great opportunity to enrich the education curriculum. The use of games for this purpose 
is the primary goal of the growing serious games field. ParabolaX is a serious game 
designed to teach principles of quadratic functions [1]. ParabolaX was developed with 
two gameplay versions: full and basic. The basic version eliminated many game 
features. Leaners played ParabolaX during a single classroom session and took 
surveys before and after they played. Learner scores on quadratic problems before 
playing were not significantly different than scores after playing ParabolaX,  
t(65) = –0.486, p = 0.629. Learners that played the full version that included all game 
like features did not show significantly different engagement indicators than those who 
played the basic version. Learner engagement did not differ based on gender or prior 
experience playing digital games. 76.1% of learners playing the full version agreed that 
ParabolaX helped them understand quadratic functions compared to only 50% of those 
who played the basic version. 
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Introduction 
 It is hard to ignore today the powerful impact of mobile devices and gaming in the 
everyday lives of consumers. News outlets clamor to talk about the latest app that has 
caught the mobile gaming world by storm. The game Draw Something is very popular 
with over 35 million users [2]. Many people are familiar with the monster hit Angry Birds 
which has over 600 million downloads [3]. The people who play these and other video 
games are persuaded to spend hours of their time accomplishing digital goals with little 
impact on the world around them. 
 Contrast that picture with the today’s educational system and learner. Students 
view education content as boring and dry compared to playing their favorite game [4] 
[5]. Many educators and parents are trying to motivate learners to achieve success in 
their studies. Learners would much rather be texting with their friends, playing the latest 
Call of Duty or watching American Idol than studying for a test. The US continues to fall 
behind in science and other education content areas [6]. 
 To deal with this problem, educators are looking at the way games motivate 
learners to enhance educational curriculum. This emerging field is called serious 
games. The field seeks to merge games with a serious learning goal [5]. Many early 
games have been developed which show positive impact on learner engagement and 
content knowledge. However, it is difficult to demonstrate what specifically about these 
new games provides increased learner engagement. If a game is developed on an iPad, 
the popularity of the device and the novelty of using it during school may contribute to a 
significant portion of observed results. 
 11 
 
 This investigation expands upon previous work in the development of the serious 
game, ParabolaX. ParabolaX was designed to help teach the principles of quadratic 
functions [1]. In addition to providing gameplay improvements, data was collected to 
help identify the causes of student engagement in relation to serious game techniques. 
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Literature Review 
Learners and the Digital Environment 
Learners are much different today than just 10 years ago. Digital devices – 
mobile phones, tablets, computers and game consoles – are providing fundamentally 
different experiences during a child’s development than in past generations. Bavelier et. 
al. states, “Given the multifaceted nature of technology, it is perhaps unsurprising that 
the story of its impact on child development is extremely complex and multisided” [7]. 
The rise of texting, social networks such as Facebook and casual gaming have caused 
many to look at the effects of these technologies.  
These new learners are in many cases the first to adopt new technology. 
According to Pew, 71% of teens used mobile phones in 2008 and 75% owned cell 
phones by late 2009 [8] [9]. In the UK market, teens are more likely to be smartphone 
owners, with 47% percent of teens ages 12 through 15 owning one [10]. It is on these 
devices that casual gaming hits such as Angry Birds and Words with Friends are 
played. Angry Birds passed over 600 million total downloads with almost 6.5 million 
downloads on Christmas day alone [3]. There isn’t any doubt that teens are playing 
these games. Of teens with phones, 46% are using them to play games [9]. Among 
teenage smartphone owners, 76% play games [10]. Smartphones are not the only 
device with this trend. The recent tablet market, including the popular iPad devices, is 
another platform for teenagers and children to utilize. A recent survey from Nielsen 
summarizes the use of tablets by children (See Figure 1). The trend is similar, with 
gaming being the top activity. 
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Figure 1. Tablet content used by children. [11] 
The high use of new technology and digital media of learners is an important 
difference between their educators and parents. The majority of parents have little to no 
experience with video games [12]. It can be hard for parents to understand the 
motivating power that games can have over their children.  
The dramatic differences of these learners caused Marc Prensky to use the term 
Digital Natives. He describes Digital Natives as having “spent their entire lives 
surrounded by and using computers, videogames, digital music players, video cams, 
cell phones, and all the other toys and tools of the digital age” [13]. It is precisely this 
difference that makes education for Digital Natives ineffective using traditional methods. 
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These teenage learners are consuming digital technology in many forms. Those 
technologies have an important impact on their development both positive and negative. 
Positive and Negative Impact of Games 
Much research has been conducted to determine the impact video games have 
on children in recent years. Since learners of all ages are consuming more and more 
gaming content this is an important question to consider. A number of high profile media 
releases have painted games in a negative light by linking them to violence and even 
child neglect. In South Korea, a couple is accused of starving their own child while they 
played video games [14]. Video games are frequently claimed as one of the factors and 
motivations in the Columbine massacre of 1997. However, current research suggests 
that video games have a much more positive impact than what the mass media 
portrays. 
 Content plays a big role in the impact of video games, as with any media form. 
Bavelier et. al. uses food as an example of this principle; “As with food, the effects of 
technology will depend critically on what type of technology is consumed, how much of 
it is consumed, and for how long” [7]. Most realize that some foods are healthier than 
others and even ‘bad’ foods in moderation may not have considerable negative health 
effects. Consider a well-established media, such as TV content. The shows Teletubbies 
and Dora the Explorer are both targeted to toddlers but have much different content. 
Dora the Explorer, which uses more viewer interaction, is related to an increase in 
language skills; however, Teletubbies is related to a decrease in language skills [7]. 
Video games with valuable content, used properly, have the potential to provide positive 
impacts to the individuals that play them. 
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 Many researchers have discovered that video games can improve attention, 
motor, and visual skills [7] [4]. Video games are an active media where the individual is 
not only processing visual and audio stimuli, but reacting to what they interpret and 
controlling the flow of events. Video games are much more participatory than other 
media content. In online games, such as World of Warcraft, players regularly interact 
with each other within the game. Many game features require groups of players to 
coordinate together to accomplish a goal the individual could not complete on their own. 
These games make users think critically to design strategies and interpret the rules of 
the game [4] [5] [15].  
Users truly learn when they are playing a game. They solve and overcome the 
challenges that it presents, while being restricted by the rules and mechanics of the 
game. This concept is embodied in the term stealth learning [5]. Learning is generally 
not the direct goal for a game but is achieved by the player as a means to complete the 
game. The immense persuasiveness of video games drives the players to learn. 
The Persuasive Power of Games 
An important question when studying video games is determining why they are 
so persuasive. In the previous section, games were shown to have positive impact on 
learning and skill development. It is those aspects combined with incredible persuasion 
that have educators and others excited about the use of video games. The question of 
game persuasion is more of a psychological one than game technique. The persuasive 
power of video games is viewed by some as an addiction. Indeed, one author describes 
his use of casual mobile games held an ‘opium like’ power [16]. 60% percent of teen 
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smartphone users indicate a high level of addiction to their devices [10]. Clearly these 
games have a strong persuasive power that drives individuals of all ages to play them. 
One suggestion for why casual games are so persuasive is when they are used. 
Frequently casual games are used during idle breaks or times of boredom throughout 
the day [9] [16]. Since casual games are available on mobile phones, they are easily 
accessible. Individuals can play them while waiting in line or riding on public transport. 
They can provide quick distractions during the course of a day. With this view, the 
games are providing an activity that is more engaging than an otherwise idle or 
mundane one. Certainly, the distraction games provide is some of the appeal but it 
doesn’t explain all of it. 
Gee gives a deeper perspective on the persuasiveness of games. He argues that 
the challenge and underlying learning opportunities are what makes video games 
motivating [17]. Everyone enjoys learning something new at a basic level. Most people 
when they accomplish a task or overcome an obstacle feel a sense of elation. Games 
are motivating because they fulfill a basic human need to learn and feel a sense of 
advancement or progress [16]. 
A new factor in game persuasion is the social impact. Social acceptance and 
rejection is one of the important elements of motivation in Fogg’s Persuasion Behavior 
Model [18]. It is widely known that social pressures influence the decisions that people 
make every day. During their education, learners are informed about peer pressure and 
encouraged to resist its influence when considering drugs or alcohol. Yet social 
pressure is an important part of human psychology that new games and technology 
platforms utilize. Facebook, for example, persuades users to return to their site by 
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providing social information about their friend’s status or new pictures. Users feel a 
social need to log back in and view those pictures. Humans have a basic social need 
that games and technology use to persuade users. 
The strong persuasive power of video games and technology is driven by an 
ability to distract, the basic need to learn, and human social interaction. The video game 
industry has learned quickly what is required to make their games huge commercial 
successes.  
Parents are often concerned about these highly persuasive games. As mass 
media focuses on the potential of games to increase violence in children, parents 
cannot as easily discover the positive effects of games. Often parents express concern 
about the time their children spend playing games and have little experience with 
games themselves [12]. 
Serious Games 
The positive impact of video games and their persuasive power is what has many 
excited. The buzz term ‘Gamification’ has become extremely popular recently as more 
people use video game techniques to harness the persuasive power they provide. 
Gamification, however, can be applied to many contexts besides learning. Corporations 
are starting to use it to persuade potential consumers to purchase items or to learn 
more about their brands. Gamification is less about providing learning value and more 
about persuasion. Educators, however, are much more interested in utilizing the 
learning impact of games. Combining a serious learning purpose with gaming 
techniques is the essence of serious games [5]. Using serious games with the goal of 
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improving traditional education curricula is what Marc Prensky calls Digital Game-Based 
Learning [4]. 
Serious games designers focus on incorporating learning objectives into the 
gameplay. These objectives define the serious aspect of the game. Coupled with game 
persuasion techniques, serious games tout improved motivation and enjoyment while 
teaching the player an important skill. 
Examples of Serious Games 
 Serious games have great potential in many different contexts. Serious games 
are being utilized in the medical field, corporate training, recruiting, and education. Many 
of these games have had great success in achieving their serious goals and promoting 
the emerging serious game field. 
 There is excellent potential for the use of games within the medical field. Video 
games were shown to help treat vision problems in adults [19]. Games can also be used 
to help distract patients as a form of pain control [20]. In these examples, the serious 
goal is to help patients recover from an illness or to help them ease pain during the 
recovery process.  
 Job and corporate training are another example of a use for these games. Video 
games have been shown to improve the skills of surgeons [7]. Games developed for job 
training is a high growth area in the US [5]. Specifically, the US military has developed 
video games, including America’s Army, to promote recruitment and teach strategy [4] 
[5]. A training game was developed to help building inspectors recognize gas leaks and 
hazards in safer ways [21]. Training games like these all have a clear learning goal and 
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utilize the motivation and engagement of video games to make that learning more 
effective. 
Serious games have also been put to effective use in the classroom. Games 
designed to promote basic arithmetic skills, such as Zun, have increased learner 
engagement and success [22] [23]. A history professor used a video game to help teach 
World War II with high success and praise from his students [15]. The game Crystal 
Island was shown to increase learner science content knowledge after playing [6]. Yet 
another game, Immune Attack, teaches high school students about immunology [24]. 
Each of these games uses serious educational objectives combined with game 
techniques to motivate learners to succeed. 
Educational Game Design and Methodology 
 The impact of serious games on education has large potential. In this emerging 
field there are a number of proposed strategies for making these games a success. 
Despite this, many acknowledge that creating a successful serious game isn’t an easy 
task. Everyone is excited about the potential, given the persuasiveness of video games 
but the difficulty lies in the how to make that powerful game.  
Even within the multi-billion dollar entertainment industry, there are plenty of 
video game failures. Winn declares that making a serious game is more difficult than a 
game for entertainment. In addition to making a game fun and enjoyable, the learning 
objectives must also be achieved [5]. Fogg agrees, stating that many persuasive 
projects fail, often because they are too ambitious in their goals [25]. It is important to 
keep these perspectives in mind when developing a serious game project. 
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 Others are still concerned over the content of purposed games. Educational 
games are sometimes criticized as merely automated flashcards or memorization [7] [5]. 
serious game design should consider the whole gameplay experience rather than sugar 
coating the learning objectives. So what attributes make for a good serious game 
experience? 
 Story, character, and narrative are important aspects of successful commercial 
games. It would stand to reason that these are important aspects for serious games as 
well. Researchers agree that a strong character, story, and appealing design are 
essential for emotionally involving the player [17] [23]. Users perceive a game with 
better visuals and characters as more appealing than the same game without them [16]. 
These character and story elements should be a part of the general context of the 
learning objectives. When learning objectives don’t relate to the character or narrative, 
users feel that something is wrong [26]. Character is an important aspect of the 
emotional persuasion of games and to be emotionally invested in the learning process. 
 Learner control is an important game characteristic. Players must be able to 
make interesting choices that have genuine importance to the gameplay [17] [16] [22] 
[26]. Without choices players don’t feel like their actions matter. Decisions help make 
the player feel more connected to the gameplay. User control helps put them in the 
driver seat for the learning which is taking place. This also encourages learners to 
explore game features and take risks while trying out new ideas [17] [26]. Exploration is 
an important part of the learning process. It allows the learners to discover the rules of 
the game by trying out different ideas. 
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 A failure of many educational games is to separate the learning content and 
interactions from the game content [26]. All the interactions that the player has with the 
game should be within the game world [17]. When the player has to perform a learning 
oriented task to continue with the game story, they get frustrated and annoyed. The 
learning objectives need to blend seamlessly with the core gameplay. 
 The progression of a game is also important. The challenges, levels, or goals 
need to be well ordered; that is they must build upon the knowledge and skills the player 
has acquired while playing the game [17] [22]. Players need to feel challenged without 
being overwhelmed. By building harder challenges that extend from skills the player has 
previously learned the difficulty doesn’t become too great. Immediate feedback on the 
success or failure of a challenge is also crucial to the learning process and player 
satisfaction while playing [13] [22]. It is important to balance the gameplay challenges of 
serious games. 
 While these individual gameplay attributes and ideas are important, a general 
framework for serious game development is desired. The difficulty of serious game 
development is in combining the effective ideas of game design with the learning 
objectives and educational content. These two parts make this process very much an 
interdisciplinary study between education researchers and computer scientists. B.J. 
Fogg and Brian Winn offer two frameworks for serious game development that 
incorporate many of the attributes and ideas described earlier. Winn has developed the 
Play, Design, and Experience (PDE) framework [5]. The PDE framework provides a 
complete picture of serious game development and covers all aspects from design to 
gameplay testing. Fogg has provided his Eight-Step Design (ESD) process [25]. Within 
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the ESD, he lays out the development flow and provides guiding questions to aid game 
designers in their choices. These two frameworks share many common ideas and the 
ESD process complements the PDE framework. 
Winn describes the heart of serious game design as the interplay between 
theory, content, and game design (See Figure 2). The difficulty in merging these three 
areas and the people behind them is one of the primary driving factors which make a 
framework for serious game design so integral to its success.  
 
Figure 2. Components of Serious Game Design [5] 
The DPE framework begins by describing the relationship between the designer 
and the player. This relationship has important consequences for game design. This 
relationship is depicted at the top of Figure 3. The designer has complete control over 
the design of the game. The player simply plays the game, which results in a set of 
experiences. These experiences are the end result or goal of the serious game. The 
designer should first consider what the player experience is that they want to create. 
The player experience creates a feedback loop which informs the design choices. In 
Fogg’s ESD process, the first step is to choose a target behavior or change. This fits in 
with defining the target player experience. The initial process in designing a game 
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should always be to determine the experience you want the player to have. Since not all 
players are the same, both DPE and ESD emphasize the importance of also defining a 
target audience. A target audience allows the designer to create the right game for the 
experience goals. 
 
 
Figure 3. The DPE Framework [5] 
Below the designer – player relationship are the four core layers of the DPE 
framework. At the base is a foundation of technology which is the platform or tools upon 
which the game is built. The technology is also an important step within ESD, where the 
designer chooses a technology platform that will best support the project and target 
audience. The technology provides the foundation to which the other concepts are 
applied. 
The DPE separates the development of a serious game into four layers. These 
layers are learning, storytelling, gameplay, and user experience. Each layer plays an 
important role within the designer – player relationship and attributes to the overall 
experience. A criticism of the ESD is that it doesn’t address these layers in depth but 
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remains at the high level overview of designing the game. The DPE however provides 
specific expectations for each of these layers. 
The first layer, learning, covers the serious aspects of the game. Within the 
design section, the goals are to focus on the educational content and theory behind the 
learning objectives. When designed correctly, this should allow the game to teach while 
being played and result in positive learning experiences for the player. As stated earlier, 
the designer should start with a target experience in mind. In the learning layer, the 
desired learning objectives form the basis of the player’s experience. It is important that 
the designer identifies the type of learning to be achieved. To close the loop from 
experience back to design, an experience assessment is needed. Without defining what 
that target learning experience should be, the assessment is difficult and the feedback 
loop is incomplete. 
The second layer is the storytelling aspect of the game. Here the designer looks 
at what kind of story the player should be experiencing when playing the game. The 
designer then uses typical story telling techniques, such as setting, character, and 
narrative to provide the desired experience to the player. The story should be presented 
in concert with the learning objectives. When the story is separated from the learning 
experience, serious games fail to succeed. 
The third layer, gameplay, is where a lot of research is focused. The gameplay 
attributes are what make games as persuasive as they are. Winn describes this layer as 
the actions a player takes in the game and the affects it has on their resulting 
experiences and emotions. This layer relates strongly to the concepts in Fogg’s 
Behavior Model for Persuasive Design [18] and the ESD. The gameplay layer focuses 
 25 
 
on designing game mechanics that persuade or affect the player so that the player 
enjoys the experience. More often than not, this relates to establishing challenges within 
the game that motivate the player to perform. Winn establishes a difficulty model where 
the balancing act is to ensure that the game progresses from low skill to high skill tasks 
(See Figure 4). 
 
Figure 4. Balancing gameplay difficulty [5] 
 As the player’s skill increases the challenge must also increase proportionally 
without making the player feel bored or frustrated. Fogg’s behavioral model provides 
nearly the same concept when persuading individuals to perform (See Figure 5). In this 
model, ability and motivation work together to increase the chances that individuals will 
perform a behavior [18]. Since the designer wants to ensure that the player will 
complete a task successfully, the designer needs to make sure that the player has 
sufficient skill and that the reward is also adequate for the challenge level. 
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Figure 5. Fogg Behavior Model [18] 
 Other important aspects of the gameplay layer include player reward and choice 
progression. Immediate feedback and rewards, especially early in the game are 
important to keep the player interested. Additionally, the player should not be 
overwhelmed with choices or complexity until they have mastered some of the basic 
gameplay elements. 
 The final layer the designer needs to consider is the user experience. This layer 
is about making the gameplay accessible to users. The designer can think of this layer 
as the visual appeal or eye candy of the game. Good user experience allows the player 
to focus on interacting with the gameplay tasks and story without trying to figure out how 
to perform that interaction. 
 The DPE framework attempts to address all the aspects of serious game 
development, from the learning objectives to the visual appeal of the game. It does this 
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successfully by focusing the designer on the player experience and then feeding that 
back into the design process. By presenting the development in layers, the designer is 
able to focus on each area and their interactions to make the serious game a success.  
Engagement and Motivation 
 Engagement and motivation of learners is an important topic education today. 
Many learners in today’s education system find that traditional content is boring or dry 
[4] [23]. Learners in the US continue to struggle with learning science content [6]. One 
potential reason why learners are no longer motivated may be due to the differences 
between traditional content and the digital lives of the learners. Games and other digital 
media form an expectation for learners that the current education system does not live 
up to [27]. Educators are asking how they can motivate their learners. 
 The gaming industry uses motivation successfully as its primary tool [4]. Players 
spend thousands of hours within game worlds without any physical reward. It has been 
proposed that the three motivating factors of games are the story, the challenges, and 
the community [26]. Games have mastered the use of these factors to motivate players. 
In Angry Birds for instance, players spend 200 million minutes playing the game every 
day [16]. It is a stark contrast to the lack of motivation surrounding educational pursuits.  
Serious games are the much sought after solution to help motivate and engage 
learners in educational content by tapping into the persuasive and motivational power of 
games. Serious games have been shown to be effective in increasing learner 
engagement and confidence [5] [15] [23] [6] [27]. However, there have been concerns 
raised about serious game studies. The basic concern is in determining what 
specifically is causing the increased student engagement [7] [23]. When research is 
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conducted using a serious game, it is a very different experience for the learner than 
traditional education content. A learner’s increased engagement may be simply caused 
by doing an activity that is not ordinary. In the case of mobile games, which utilize 
iPads, iPhones, or other popular entertainment devices, the effect may be due to the 
device rather than the content. These open questions about serious game engagement 
have yet to be thoroughly examined. 
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Research Hypotheses  
This investigation expands upon on earlier work developing ParabolaX. 
ParabolaX is a serious game designed to teach quadratic function concepts to high 
school mathematics students [1]. The original research sought to investigate if the 
gameplay improved a learner’s conceptual understanding of quadratic functions. In this 
investigation, the primary focus is to evaluate learner engagement with ParabolaX and 
to elucidate the triggers for that engagement. A supplementary goal is to evaluate 
parental perception with serious games and how that relates to their child’s use of 
ParabolaX. 
H1. Educational digital games, like ParabolaX, improve students’ ability to 
recognize properties and concepts of quadratic functions. 
A goal of ParabolaX is determining if the game helps students learn about 
parabolas and quadratic equations. This is an important question as, in addition to 
learning about how to make better educational games, ParabolaX is designed to have a 
positive impact on the students who play it. Achievement will be examined by looking at 
a variety of factors, such as gender and prior gameplay experience. 
H2. Educational digital games, like ParabolaX, make the study of quadratic 
concepts more engaging to students. 
As mentioned earlier, the ability for serious games to provide high levels of 
engagement is an important factor for their use in education. However, researchers 
have criticisms in that the engagement isn’t driven by the game content but rather by 
the new and unique experience of using a game in the classroom. To address and 
investigate these concerns, this research will utilize two game versions. A basic version 
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of ParabolaX with minimal gamification techniques and features will be used to compare 
with the full implementation. Additionally, the influence of gender and prior frequency of 
gameplay on engagement will also be investigated. Learner engagement is primarily 
composed of three aspects, cognitive, emotional and behavioral [28]. Each of these 
aspects will be measured using concepts based on the dissertation of Yavuz Samur. 
Samur’s work focuses on measuring engagement of educational games related to 
mathematics. 
H3. Parental perception of video games positively correlates with their 
child’s engagement levels. 
Parental involvement and perceptions of serious games is important. While some 
of these activities can be used in the classroom, a greater opportunity for long term 
benefit is the continued use of these games at home.  
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Research Methods 
Game Implementation 
The ParabolaX implementation has been improved and expanded based on 
previous game feedback and new ideas. Notably, an iPad interface has been developed 
to broaden the potential installation base and make the game more useful within school 
technology programs. Many schools have iPad carts which teachers can utilize for in 
class activities. In addition to the new interface, the motion aspects of the game have 
been re-written to improve accuracy. Most parts of the game have had minor tweaks to 
fix bugs or provide better feedback to the players. Finally, a basic version was 
implemented to help answer the research goals of the study. The changes to ParabolaX 
to assist this research are detailed in the next few sections. 
General Improvements 
The game implementation includes changes from the first design by Alejandro  
Montoya [1]. The biggest change was adding support for the iPad form factor in addition 
to the original support for iPhone and iPod Touch. The ParabolaX implementation was 
updated to use the iOS 5.0 SDK and the storyboard UI design. The storyboard allows 
the implementation to easily share the application logic of the game but create separate 
UI views for the different form factors supported. The core gameplay concepts are the 
same as the previous implementation but have slightly modified names. Orientation 
Game is now called Parabola Motion. This is a mini-game where players move the iOS 
device in a path of a parabola. Parabola Game is now called Parabola Draw. In 
Parabola Draw, players draw a parabola on the screen given two lines. The last mini-
game, Line Game is now called Line Draw. In that gameplay, players are given a line 
and a parabola and must draw a second line so that the product of the given line and 
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the new line is the given parabola. The new names hopefully better indicate what the 
player will be doing in each mini-game by using words associated directly with the 
gameplay experience. 
 
 
 
Figure 6. The iPad main menu 
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Figure 7. The iPhone/iPod Touch main menu 
 
 The main menu for the iPad is quite different while maintaining the same theme 
as the iPhone/iPod Touch version (See Figure 6 and Figure 7). The biggest difference is 
that the high scores are not on a separate screen but integrated right into the menu 
display. This allows the player to easily see the scores and where they rank while 
making more effective use of the space available. The icon buttons for help, settings, 
and information were relocated to the top of the screen to make them more accessible 
when holding the iPad. When the user chooses any of the options on the existing 
iPhone/iPod Touch screen they are taken to a completely new view. In the iPad 
implementation the actions for help, settings, info, and new user are displayed as 
popups (See Figure 8). This helps prevent the user from getting lost and keeps the view 
consistent.  
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Figure 8. The popover screens from the iPad main menu 
 Another area of improvement was the help provided from inside the game. 
Previously, the help icons linked to the same, long help document from every screen. In 
this implementation, all of the help icons are context sensitive. This means that the help 
displayed is relevant to the screen the user is currently viewing. On the main menu, the 
user sees some explanations of the various buttons and icons. In the Parabola Draw 
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levels, the help icon provides information about how to play those specific levels. The 
context menus are a start at providing better information to the users about how to play 
ParabolaX. 
 Another area of improvement is with the hints provided to the players. Previously, 
the hints for the gameplay were statically presented based upon the number of retries 
the player has performed. The user was presented with a quick view of the actual 
answer after three attempts. These answer hints may detract from the overall learning 
goals of the gameplay. A player may quickly perform the required number of attempts to 
see the answer without learning anything about why that answer is correct. This type of 
static feedback is not helpful in guiding the player to solve the level. To improve the 
feedback to the player, additional dynamic hints were added. 
The improved dynamic hints were implemented for the Parabola Draw levels. 
When the player is scored for a level, the game evaluates the learner’s answer and 
chooses between a number of feedback responses. To determine which hint to give, the 
game calculates how close the user was to the target parabola’s vertex, y-intercepts 
and roots. Additionally, the game determines which direction the parabola that the user 
drew opens. To identify the drawn parabola’s direction, the coordinate points drawn by 
the user are sorted by x-value ascending. A comparison of the y-values is performed 
between the first, last and middle point from the sorted coordinates. If the middle point’s 
y-value is less than the others, the parabola drawn is opening upwards. If the middle 
point’s y-value is greater, then the parabola drawn is opening downwards.  
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Figure 9. The code fragment used to identify a drawn parabola’s direction 
Using the computed values the game determines the appropriate hint. Table 1 
summarizes the hints given under what conditions. If the user is more than 0.4 graph 
units way from the vertex, y-value or roots it is considered a miss. When multiple hints 
might be given because the player missed more than one aspect of the parabola, the 
priority is used to select which hint to show. Hints with a lower priority number are 
shown first. These dynamic hints should provide player’s with some direction on how to 
improve their score for a given level.  
Hint Type Feedback Priority 
Incorrect Direction Which direction does it open? 1 
Missed Vertex Where is the vertex? 2 
Missed y-intercept Where is the y-intercept? 3 
Missed Root(s) Where are the roots? 4 
Default Keep trying! 5 
Table 1. The dynamic feedback hints for Parabola Draw levels 
One final improvement to the game was changing the method for in-game data 
collection. Previously, players would have to email the data collected from the game. 
Players now have a ‘Send Usage’ button available in the settings menu which submits 
the data securely over the Internet. This means the players no longer need to have 
email setup or to directly communicate with the researchers. When the player submits 
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the data, they must provide a coded id which is given by the researchers (See Figure 
10). Data submitted by players outside the research study is not collected or analyzed. 
 
Figure 10. The popup dialog after a user selects ‘Send Usage Data’ from the settings menu 
Basic Version 
 To support the research goals of this study a basic version of ParabolaX was 
implemented in addition to the improvements in the previous section. The basic version 
removes many of the features in ParabolaX that qualify it as a digital game. The 
comparison of these two game versions will help provide some data for the research 
questions being studied. 
 One of the biggest changes for the basic version is the removal of many visuals 
in the game. The background is replaced with a plain blue color throughout the game 
(See Figure 11). The players do not have an avatar icon which eliminates some visual 
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creativity from the main menu and popups. These changes reduce the visual appeal of 
the game. The removal of the player avatar limits the customization between players. 
Players cannot express creativity by choosing an avatar that would be displayed on the 
main menu and within level scoring notifications. Another change to the main menu was 
the removal of the high scores. The high scores are designed to give a sense of 
competition and motivate players to try harder and replay levels. Removing the high 
scores reduces the direct competitiveness that is visible within ParabolaX. 
 
Figure 11. The main menu for the iPad in the basic version 
 The scoring for the Parabola Draw and Line Draw levels was modified for the 
basic version. The concept of star-rating and the associated 3-star icon has been 
removed. The removal of the star rating system reduces the incentive for players to 
replay levels they have previously completed. The levels for the game no longer show 
the 3-star icon and only show the score achieved (See Figure 12).  
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Figure 12. The level menu when using the basic version 
 The simplification of the scoring combined with the avatar changes gives a 
significantly different level success pop-up (See Figure 13). Additionally, in the basic 
version the dynamic hints implemented for the Parabola Draw levels are removed. 
Instead the player is always presented with “Keep trying!” as the hint. 
 
Figure 13. Comparison of the level scoring popups between the full and basic versions 
 The implementation for the basic version was done in the same codebase as the 
full version. This allows the researchers to easily change the version of ParabolaX for 
testing without installing two separate games or having two different devices. The basic 
version can be enabled by using the built-in administration screen. The administration 
screen is accessed by performing a long-press gesture on the cloud area of the settings 
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menu (See Figure 14). To prevent players from accessing this by mistake, there is no 
visual button and the settings are passcode protected. 
 
Figure 14. The admin settings can be accessed by long-pressing in the red oval area and providing the 
password 
Motion Algorithm Improvements 
 Many previous ParabolaX players noted frustration in the Parabola Motion 
gameplay. In Parabola Motion, players move the iPhone or iPad on a path in the shape 
of a parabola. The gesture detection frequently did not determine the correct motion and 
failed to identify non-parabola motions as invalid. The gesture detection has been re-
implemented using dynamic time warping (DTW) to improve performance. DTW has 
been used with much success to identify motion gestures of mobile devices quickly and 
accurately [29] [30]. This methodology eliminates the difference in how quickly players 
perform the motion as well as how exaggerated the movement is.  
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The core of the DTW algorithm is comparing the input data against a target data 
set. The algorithm determines a distance between the two data sets. A small distance 
indicates very close similarity between the data. For ParabolaX, this means that the 
player’s motion can be compared between two known example data sets. One data set 
for the movement representing a parabola opening upwards and another dataset for 
when the parabola opens downwards (See Figure 15). The target data sets were 
collected by performing the two parabola motions in a controlled environment. The 
accelerometer readings were normalized to minimize differences in how forcefully the 
player performs the motion. For the purposes of this motion detection, only 
accelerometer data in one direction was used and is summed over time. The target 
accelerometer data set takes on the shape of a sine wave.  
 
Figure 15. The reference normalized accelerometer datasets for upwards and downwards motion 
For the upwards data, the player is moving the device upwards and then back 
down. As the player moves the device upwards, there is positive acceleration in that 
direction. When the device is at the apex of the motion the acceleration is essentially 
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zero once again. This is represented by the first half of the wave in the dataset were the 
device accelerates upwards then decelerates to returns to zero at the peak of the 
motion. On the way back down the device is accelerating once more but in a negative 
direction. Like before, when the device is finished moving downwards we are back at 
zero acceleration. In Figure 15, whenever the accelerometer value is zero the device is 
momentarily motionless and this occurs at the start, peak and stop of the parabola 
shape for both directions.  
Using DTW, the difference between the user’s accelerometer data and these 
targets can be observed. The response from the player, upwards or downwards, is 
chosen based on comparing these two distances. The one with the lower distance is the 
motion that was detected. In some cases, when the player does not make a motion that 
should match either target dataset, the distance from both will be high. In this case, the 
game will provide the user with a neutral response indicating that motion was not 
detected. This will help reduce user frustration by not mislabeling a potentially correct 
response.  
The DTW algorithm is not limited to the use of analyzing the player’s motion data. 
Since the algorithm was already implemented for motion detection it is used to solve 
another problem in the scoring of Parabola Draw levels. The previous Parabola Draw 
scoring implementation simply required a minimum number of graph points to be drawn 
by the player. This made it possible for the player to pass a level if they only drew half of 
a parabola, for example. By using the DTW algorithm the graph points drawn by the 
player can be compared to the target parabola. If the player’s input is drastically far 
away from the target parabola they won’t be able to pass the level. This eliminates 
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potential loopholes like the one described earlier and helps to ensure that the players 
are completing the levels as intended. 
Measurements 
To appropriately investigate the hypotheses under question a number of 
measured variables are considered. These measurements come from game recorded 
data, surveys completed by the research participants, and observations by the 
researcher. The measured variables seek to provide insight into the engagement of the 
users with the game.  
The participants of the research study that are playing ParabolaX complete two 
surveys. The first survey is the pre-gameplay survey (See Appendix A). This is 
completed by participants before they play ParabolaX. In this survey, the data collected 
includes gender, prior frequency of playing digital games and parabola math problems. 
The pre-gameplay survey is designed to collect the independent variables being used in 
the study along with a baseline achievement which are used to identify any 
improvement after the participants play ParabolaX. 
The participants complete the post-gameplay survey after they have played 
ParabolaX. This survey is collecting many of the dependent variables under evaluation 
including achievement and engagement factors (See Appendix B). In addition, this 
survey collects general feedback about how ParabolaX can be improved. These 
questions ask the participants to describe what they liked best, what they liked least and 
what could make ParabolaX better. The parabola math problems are different than in 
the pre-gameplay survey but are similar types of problems. A number of questions with 
a 4-point Likert scale evaluates the three aspects of engagement: cognitive, behavioral, 
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and emotional (See Table 2). Some statements are targeting a positive component, 
such as “ParabolaX was fun to play”. Other statements target a negative component, 
such as “ParabolaX become boring after some time playing”. The responses to these 
statements provide data to understand how players are engaging with ParabolaX and 
what potential factors affect those responses. 
Statement Engagement 
Factor 
Using ParabolaX helped me understand quadratic functions better. Cognitive 
I would be interested in using games like ParabolaX in math class. Behavioral 
I would be interested in using games like ParabolaX instead of some 
of my homework. 
Behavioral 
ParabolaX helped me learn from my mistakes. Cognitive 
ParabolaX was neither too difficult nor too easy. Emotional 
ParabolaX become boring after some time of playing. Emotional 
ParabolaX was fun to play. Emotional 
ParabolaX provided immediate feedback on my actions. Cognitive 
ParabolaX was very easy to finish. Emotional 
ParabolaX made me more interested in math Behavioral 
Time passed quickly while playing ParabolaX Emotional 
ParabolaX helped me explore different strategies for quadratic 
functions 
Cognitive 
Table 2. Post-gameplay survey statements and the engagement factors they are measuring 
To be able to compare the achievement scores between the pre and post 
gameplay surveys the math problems are scored for correctness similar to a standard 
test or quiz, with partial credit. The number of problems attempted is also recorded. For 
each survey, a weighted percent correct and percent attempted is calculated. The 
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weighted percent correct is determined by using a weighted score for the problems. 
Each problem’s score is weighted and then all the problems’ weighted scores are 
summed to arrive at the total weighted score (See Equation 1). This total weighted 
score is turned into a percentage by dividing by the maximum possible weighted score 
to arrive at the weighted percent correct. 
                     ∑
         
              
 
   
        
Equation 1. The formula for calculating the total weighted score of a survey. p is the number of problems, 
MaxScore is the number of points problem i is worth. MaxSurveyScore is the total number of points for all 
problems on the survey. Score is the number of points earned for problem i. 
A third survey is provided to the parents or legal guardians of the game players. 
This parent survey collects data about each parent’s perceptions of digital games, their 
interactions with digital games, and how digital games affect their child (See Appendix 
C). The survey also asks questions about any rules or restrictions they may have about 
their child playing digital games.  
In addition to the data collected from the three surveys, data is also collected 
within ParabolaX while the game is being played by participants. This data is compared 
between the basic and full versions to support the research goals related to 
achievement and engagement. The data collected from the game is listed below. 
1. Total time spent playing 
2. Time spent playing by game mode 
3. Initial score, best score, worst score, and effectiveness for each level 
attempted 
4. Number and type of hints shown 
5. Number of attempts for each level 
6. Number of replays for each level (after level is completed) 
7. Number of successes, tries, and unknowns for Parabola Motion 
8. Number of levels completed 
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The data collected from the three surveys and directly from ParabolaX gameplay 
provides the evidence for the research questions in this study. All of these measures 
are summarized in Table 3 and Table 4. 
Independent Variables Source 
Gender Pre-gameplay survey 
Prior frequency playing digital games Pre-gameplay survey 
Gameplay Version Assigned by researcher(s) 
Baseline Achievement Pre-gameplay survey 
Parent perception of games Parent survey 
Parent-child interaction with games Parent survey 
Table 3. Summarized independent variables used in this study 
Dependent Variables Source 
Achievement Post-gameplay survey, gameplay data 
Engagement Cognitive Post-gameplay survey, gameplay data 
Engagement Behavioral Post-gameplay survey, gameplay data 
Engagement Emotional Post-gameplay survey, gameplay data 
Table 4. Summarized dependent variables used in this study 
Research Design 
 Mathematics classes in area high schools were recruited to have students play 
ParabolaX.  The research activities are designed to fit within a single class period of 
roughly 40 to 60 minutes depending on the school. The classes were assigned to play 
either the full version or basic version of ParabolaX. The gameplay version was not 
randomly assigned at an individual level as the gameplay sessions occurred in a regular 
classroom and each participant would notice the game differences between subjects. 
Additionally, when reviewing the game to participants, the researchers only 
demonstrated the version used by the class. As much as possible, research activities 
were kept consistent between all classes involved in the study. All participants played 
ParabolaX on an iPad provided by the researchers or the school.  
 Once a class had been identified, the researchers worked with the teacher to get 
the appropriate school approval. Once approved, the teacher and researcher scheduled 
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a class period for the research to occur. Approximately one week prior to the scheduled 
class period, the teacher distributed parent consent forms for the students. These 
consent forms detailed the research to be done, the data to be collected, and provide 
authorization for a student to participate. The parent survey (Appendix C) was 
distributed along with the parent consent form. The parent survey contains a coded id 
which is used to link all the survey responses from one participant together. The coded 
id key is kept separate from the survey data. The coded ids are not linked to consent 
forms or participant’s names. 
 On the scheduled research day, the researchers arrived at the school to conduct 
the research. All the students who returned an approved, signed parent consent form 
could participate. Students who did not have consent or otherwise wished to not 
participate were provided an alternate activity by their teacher. A summary of the 
research procedures performed during a class period can be seen in Table 5. 
Activity Approximate duration 
Introduction by teacher 1 minute 
Welcome and overview of research 3 minutes 
Distribute learner consent and pre-gameplay survey 6 minutes 
Parabola review 2 minutes 
Demo ParabolaX game 3 minutes 
Learners play ParabolaX ~15 minutes 
Distribute post-gameplay survey 10 minutes 
Wrap up and data collection  
Table 5. Summary of in-class research activities 
 At the beginning of class the researcher was introduced by the certified teacher. 
The researcher introduced ParabolaX and described the goals of the research: to learn 
more about educational games and gather feedback on how to improve ParabolaX. The 
participants were reminded that participation was optional and that they could stop at 
any time. The researcher informed participants that all data would be kept confidential. 
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The activities for the class period where reviewed with the participants. They would take 
a survey before playing the game, play the game and then take another survey. It was 
stressed that the data collected would help improve ParabolaX so they should be 
honest with their responses. 
The researcher informed the participants about the learner consent form and 
distributed the form with the pre-gameplay survey (Appendix A). If the consent form was 
not signed, no data was collected from that individual. The participants were given time 
to complete the form and the pre-gameplay survey. Like the parent survey, the pre-
gameplay survey had a coded id. 
Once all participants had finished the pre-gameplay survey, the researcher gave 
a short review about parabolas. This review covered terms used to describe parabolas 
and introduces the concept of multiplying two lines to form a parabola. Participants were 
shown an example Parabola Draw level. The researcher reviewed the level and 
demonstrated that multiplying the two lines results in points on the displayed parabola. 
The features of the parabola, such as vertex, shape and roots were pointed out. After 
the review, the researcher demonstrated the features of ParabolaX to the participants. 
The different gameplay modes were shown and described so that the participants had 
an understanding of how to play ParabolaX. After the demo, the participants played 
ParabolaX for approximately 15 minutes or slightly longer depending on the class 
period’s length. In cases were not enough iPads were available for every participant, 
they shared a single iPad between participants. Nearly all groups sharing an iPad had 
only 2 participants. Participants sharing an iPad typically took turns playing levels of the 
game together. As sharing is a confounding variable, participants who shared was 
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recorded as another independent variable. While the participants were playing, the 
researcher walked around and observed the gameplay and answered any questions the 
participants had without giving them hints on how to complete the levels.  
After the time has elapsed for playing ParabolaX, the researcher stopped the 
participants currently playing. The researcher then guided them on submitting the data 
collected from the game. Finally, the researcher distributed the post-gameplay survey. 
The participants were reminded that the responses were confidential and to answer the 
questions the best that they could. Participants had 10 minutes or until the end of the 
class period to finish the post-gameplay survey. As before, this survey also had a coded 
id. 
The researcher collected the parent consent form, child assent form, parent 
survey, pre-gameplay survey, and post-gameplay survey from each participant when 
they had indicated they were done with the post-gameplay survey. As these were 
collected, the researcher verified that the consent forms were signed, recorded the 
coded id’s from the three surveys and separated the surveys from the signed forms. 
Once separated, the survey and gameplay data cannot be linked back to participant’s 
identity. The recorded coded ids were kept separate as well. The forms, surveys, and 
coded id key were kept securely by the researchers. The gameplay data collected 
earlier was received electronically and tied to the pre-gameplay coded id. These steps 
ensured the confidentiality of the data. Finally, the researcher thanked the participants 
for their help with the research study 
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Participants 
 Three area high school classes participated in this research study. These high 
school classes had previous experience with parabolas but could use review of the 
concepts. Two classes participated using the full ParabolaX gameplay version while one 
class used the basic ParabolaX gameplay version. Because not all of these classes had 
iPad devices available, devices were provided by the researchers. As a limited number 
of devices were available, some participants shared an iPad when playing the game in 
groups of two. Those that shared an iPad to play still completed individual pre-gameplay 
and post-gameplay surveys. However, the in game data collected for participants who 
shared is combined. Whether or not a participant shared a device was recorded and will 
be considered as another independent variable within the dataset. Due to some 
miscommunication, not all of the parent surveys were able to be matched to the pre and 
post gameplay surveys. The data available to identify the effects of parent perception on 
their child’s engagement will be limited. 
 The target research sample size was 87 participants. With only three classes the 
data collected is below that target. The number of parent surveys (Appendix C) 
collected was 55. The number of pre- and post-gameplay surveys (Appendices  A and 
B) collected was 66 for each. Due to sharing of devices, the in game data collected is 
lower than the surveys at 37 gameplay sessions recorded. 
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Results
1
 
Participant Demographics and Game Experience 
The gender of the research participants was balanced for this study. There are 
35 males and 31 females. This balanced distribution provides a good perspective for the 
data collected from both genders. The two gameplay versions of ParabolaX were used 
with 46 participants playing the full version and 20 playing the basic version. The 
difference here reduces the ability to make significant comparisons when looking at the 
impact of game version. Additionally, as mentioned in the research methods not enough 
devices were available for every participant during all the sessions. The recorded 
number of participants playing ParabolaX on a shared device was 45 while 21 played 
without having to share. 
Responses indicated that all participants play digital games. Figure 16 shows the 
majority play games at least several times a week. For use in data analysis, these 
responses were collapsed into two categories; occasionally and frequently. 
Occasionally consists of the ‘A few times every year’ and ‘A few times every month’. 
Frequently represents the responses for ‘Several times a week’ and ‘Everyday’. This 
division balances the responses fairly well. In the analysis, this collapsed view is 
referred to as frequency of prior gameplay. This is an indication of how much a 
participant plays digital games in general, not frequency of prior gameplay of ParabolaX 
specifically.  
                                            
1 Unless otherwise indicated, all statistical tests used a significance level of 0.05. 
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Figure 16. Frequency of prior gameplay experience reported by participants 
Nearly all participants indicated that they were excited to play ParabolaX (See 
Figure 17). Due to the lack of variance between the response categories, excitement 
level of participants prior to playing ParabolaX was not analyzed with respect to the 
dependent variables. 
 
Figure 17. Excitement of participants prior to playing ParabolaX 
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Achievement 
Achievement was measured using parabola math questions in both the Pre-
Gameplay Survey (Appendix A) and the Post-Gameplay Survey (Appendix B). The 
surveys were scored and the weighted percent correct calculated for each survey as 
described earlier as well as the percent attempted. Table 6 shows the mean, standard 
deviation and standard error of the mean.  
 Mean N Std. Deviation Std. Error Mean 
Pair 1 
PreWeightPercentCorrect .234977 66 .2169713 .0267073 
PostWeightPercentCorrect .250505 66 .1978277 .0243509 
Pair 2 
PrePercentAttempt .691919 66 .3271770 .0402727 
PostPercentAttempt .7727 66 .33606 .04137 
Table 6. Descriptive statistics for weighted percent correct and percent attempted for pre and post gameplay 
The post gameplay weighted percent correct mean is slightly higher at 25.0505% 
compared to a pre gameplay mean of 23.4977%. The number of attempts was also 
higher post gameplay at 77.27% to 69.1919%. A paired-difference t-test was performed 
using SPSS to compare the means of the pre and post weighted percent correct and 
percent attempted. There was not a significant difference in the scores for pre-gameplay 
weighted percent correct (M=0.234977, SD=0.2169713) and post-gameplay weighted 
percent correct (M=0.250505, SD=0.1978277) conditions; t(65) = -0.486, p = 0.629. 
There was not a significant difference in the scores for pre-gameplay percent attempted 
(M=0.691919, SD=0.3271770) and post-gameplay percent attempted (M=0.7727, 
SD=0.33606) conditions; t(65) = -1.617, p = 0.111. 
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Figure 18. Box plots for the difference between percent attempted and weighted percent correct (post-
gameplay minus pre-gameplay) 
Additionally, independent samples Kruskal-Wallis test was used to compare the 
difference between percent attempted and weighted percent correct (post-gameplay 
minus pre-gameplay). These tests compared the independent variables combined with 
the frequency of prior gameplay. The independent groups are gameplay version by 
frequency of gameplay, gender by frequency of gameplay and shared device by 
frequency of gameplay.  
The means for the interaction of gameplay version and frequency of prior 
gameplay on weighted percent correct and percent attempted are summarized in Table 
7. There was not a significant difference in the distribution of weighted percent correct 
difference (post-gameplay minus pre-gameplay) across gameplay version and 
frequency of gameplay; H(3, N=66) = 6.573, p = 0.087. There was not a significant 
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difference in the distribution of percent attempted difference (post-gameplay minus pre-
gameplay) across gameplay version and frequency of gameplay; H(3, N=66) = 0.917, p 
= 0.821.  
Gameplay version by frequency of prior 
gameplay 
difference 
between 
weighted 
percent correct 
difference 
between 
percent 
attempted 
Basic version and 
occasionally plays digital 
games 
Mean -.0091 .0833 
N 10 10 
Std. Deviation .16680 .38087 
Basic version and frequently 
plays digital games 
Mean .0198 .0583 
N 10 10 
Std. Deviation .37381 .62243 
Full version and occasionally 
plays digital games 
Mean -.0690 .0044 
N 19 19 
Std. Deviation .21117 .31485 
Full version and frequently 
plays digital games 
Mean .0825 .1420 
N 27 27 
Std. Deviation .26392 .38800 
Table 7. Descriptive statistics for gameplay version by frequency of prior gameplay 
The means for gender by frequency of prior gameplay on weighted percent 
correct and percent attempted are summarized in Table 8. There was not a significant 
difference in the distribution of weighted percent correct difference (post-gameplay 
minus pre-gameplay) across gender and frequency of gameplay; H(3, N=66) = 5.865, p 
= 0.118. There was not a significant difference in the distribution of percent attempted 
difference (post gameplay minus pre-gameplay) across gender and frequency of 
gameplay; H(3, N=66) = 3.409, p = 0.333. 
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Gender by frequency of prior gameplay difference 
between 
weighted 
percent correct 
difference 
between 
percent 
attempted 
Male and occasionally plays 
digital games 
Mean -.0959 -.1354 
N 8 8 
Std. Deviation .13546 .36170 
Male and frequently plays 
digital games 
Mean .0748 .1512 
N 27 27 
Std. Deviation .30209 .45293 
Female and occasionally 
plays digital games 
Mean -.0302 .0952 
N 21 21 
Std. Deviation .21485 .30877 
Female and frequently plays 
digital games 
Mean .0406 .0333 
N 10 10 
Std. Deviation .28205 .47336 
Table 8. Descriptive statistics for gender by frequency of prior gameplay 
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The means for shared device by frequency of prior gameplay on weighted 
percent correct and percent attempted are summarized in Table 9. There was not a 
significant difference in the distribution of weighted percent correct difference (post 
gameplay minus pre-gameplay) across shared device and frequency of gameplay; H(3, 
N=66) = 7.267, p = 0.064. There was not a significant difference in the distribution of 
percent attempted difference (post gameplay minus pre-gameplay) across shared 
device and frequency of gameplay; H(3, N=66) = 1.383, p = 0.710.  
 
Shared device by frequency of prior gameplay difference 
between 
weighted 
percent correct 
difference 
between 
percent 
attempted 
Shared iPad and 
occasionally plays digital 
games 
Mean -.0389 .0543 
N 23 23 
Std. Deviation .16516 .30319 
Shared iPad and frequently 
plays digital games 
Mean .0090 .0947 
N 22 22 
Std. Deviation .34696 .46880 
No sharing and occasionally 
plays digital games 
Mean -.0843 -.0556 
N 6 6 
Std. Deviation .30551 .45846 
No sharing and frequently 
plays digital games 
Mean .1485 .1556 
N 15 15 
Std. Deviation .16812 .44751 
Table 9. Descriptive statistics for sharing devices by frequency of play 
Engagement Statements 
The post-gameplay survey includes 12 statement questions that assessed player 
engagement after playing ParabolaX. The responses for these statements are listed in 
Table 10. For the purposes of analysis, the responses were collapsed from the four 
categories into two; agree and disagree. The responses were analyzed by performing 
cross tabs using Chi-Square or Fisher’s Exact test comparing each of the statements by 
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gameplay version, gender, and frequency of prior gameplay. Fisher’s Exact is used 
when the expected frequencies do not allow for a Chi-Square test. To correct for the 
number of tests performed the alpha used for significance is 0.004 using Bonferroni 
correction for all tests in this section. 
 
Statement Response Count Percentage 
Using ParabolaX helped me understand 
quadratic functions better 
strongly agree 6 9.1% 
somewhat agree 39 59.1% 
somewhat disagree 16 24.2% 
strongly disagree 5 7.6% 
I would be interested in using games like 
ParabolaX in math class 
strongly agree 38 57.6% 
somewhat agree 20 30.3% 
somewhat disagree 5 7.6% 
strongly disagree 3 4.5% 
I would be interested in using games like 
ParabolaX instead of some of my 
homework 
strongly agree 41 62.1% 
somewhat agree 19 28.8% 
somewhat disagree 4 6.1% 
strongly disagree 2 3.0% 
ParabolaX helped me learn from mistakes 
strongly agree 13 19.7% 
somewhat agree 34 51.5% 
somewhat disagree 13 19.7% 
strongly disagree 6 9.1% 
ParabolaX was neither too difficult nor too 
easy 
strongly agree 9 13.6% 
somewhat agree 33 50.0% 
somewhat disagree 21 31.8% 
strongly disagree 3 4.5% 
ParabolaX became boring after some time 
of playing 
strongly agree 4 6.1% 
somewhat agree 34 51.5% 
somewhat disagree 21 31.8% 
strongly disagree 7 10.6% 
ParabolaX was fun to play 
strongly agree 15 22.7% 
somewhat agree 40 60.6% 
somewhat disagree 10 15.2% 
strongly disagree 1 1.5% 
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ParabolaX provided immediate feedback 
on my actions 
strongly agree 26 39.4% 
somewhat agree 30 45.5% 
somewhat disagree 10 15.2% 
strongly disagree 0 0.0% 
ParabolaX was very easy to finish 
strongly agree 10 15.2% 
somewhat agree 16 24.2% 
somewhat disagree 32 48.5% 
strongly disagree 8 12.1% 
ParabolaX made me more interested in 
math 
strongly agree 7 10.6% 
somewhat agree 28 42.4% 
somewhat disagree 23 34.8% 
strongly disagree 8 12.1% 
Time passed quickly while playing 
ParabolaX 
strongly agree 28 42.4% 
somewhat agree 34 51.5% 
somewhat disagree 4 6.1% 
strongly disagree 0 0.0% 
ParabolaX helped me explore different 
strategies for quadratic functions 
strongly agree 9 13.6% 
somewhat agree 42 63.6% 
somewhat disagree 14 21.2% 
strongly disagree 1 1.5% 
Table 10. Responses for engagement statements post-gameplay 
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The responses for ‘Using ParabolaX helped me understand quadratic functions 
better’ did not differ by gameplay version, 2 (1, N = 66) = 4.373, p = 0.037 (See Table 
11). Responses for this statement also did not differ by gender, 2 (1, N = 66) = 1.280, p 
= 0.258. Responses for this statement also did not differ by frequency of prior 
gameplay, 2 (1, N = 66) = 5.067, p = 0.024 (See Table 12). 
 Using ParabolaX helped 
me understand quadratic 
functions better 
Total 
Agree Disagree 
Gameplay 
Version 
full version 
Count 35 11 46 
% within Gameplay Version 76.1% 23.9% 100.0% 
basic version 
Count 10 10 20 
% within Gameplay Version 50.0% 50.0% 100.0% 
Total 
Count 45 21 66 
% within Gameplay Version 68.2% 31.8% 100.0% 
Table 11. Responses to ParabolaX helped me understand quadratic functions better by gameplay version 
 
 Using ParabolaX helped me 
understand quadratic functions 
better 
Total 
Agree Disagree 
Frequently of 
prior gameplay 
occasionally 
Count 24 5 29 
% within Frequently play 82.8% 17.2% 100.0% 
frequently 
Count 21 16 37 
% within Frequently play 56.8% 43.2% 100.0% 
Total 
Count 45 21 66 
% within Frequently play 68.2% 31.8% 100.0% 
Table 12. Responses to ParabolaX helped me understand quadratic functions better by frequency of prior 
gameplay 
The responses for ‘I would be interested in using games like ParabolaX in math 
class’ did not differ by gameplay version, Fisher’s Exact (N = 66), p = 0.690. Responses 
for the same also did not differ by gender, Fisher’s Exact (N = 66), p = 0.713. 
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Responses for the same also did not differ by frequency of prior gameplay, Fisher’s 
Exact (N = 66), p = 0.07. 
The responses for ‘I would be interested in using games like ParabolaX instead 
of some of my homework’ did not differ by gameplay version, Fisher’s Exact (N = 66), p 
= 1.0. Responses for the same also did not differ by gender, Fisher’s Exact (N = 66), p = 
0.202. Responses for the same also did not differ by frequency of prior gameplay, 
Fisher’s Exact (N = 66), p = 0.218. 
The responses for ‘ParabolaX helped me learn from my mistakes’ did not differ 
by gameplay version, 2 (1, N = 66) = 1.760, p = 0.185. Responses for the same also 
did not differ by gender, 2 (1, N = 66) = 2.807, p = 0.094. Responses for the same also 
did not differ by frequency of prior gameplay, 2 (1, N = 66) = 0.818, p = 0.366. 
The responses for ‘ParabolaX was neither too difficult nor too easy’ did not differ 
by gameplay version, 2 (1, N = 66) = 0.164, p = 0.686. Responses for the same also 
did not differ by gender, 2 (1, N = 66) = 1.358, p = 0.244. Responses for the same also 
did not differ by frequency of prior gameplay, 2 (1, N = 66) = 1.722, p = 0.189. 
The responses for ‘ParabolaX became boring after some time of playing’ did not 
differ by gameplay version, 2 (1, N = 66) = 3.629, p = 0.057 (See Table 13). 
Responses for the same also did not differ by gender, 2 (1, N = 66) = 0.179, p = 0.672. 
Responses for the same also did not differ by frequency of prior gameplay, 2 (1, N = 
66) = 1.832, p = 0.176. 
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 ParabolaX became 
boring after some time 
of playing 
Total 
Agree Disagree 
Gameplay 
Version 
full version 
Count 30 16 46 
% within Gameplay Version 65.2% 34.8% 100.0% 
basic version 
Count 8 12 20 
% within Gameplay Version 40.0% 60.0% 100.0% 
Total 
Count 38 28 66 
% within Basic Version 57.6% 42.4% 100.0% 
Table 13. Responses to ParabolaX became boring by gameplay version 
The responses for ‘ParabolaX was fun to play’ did not differ by gameplay version, 
Fisher’s Exact (N = 66), p = 0.076. Responses for the same also did not differ by 
gender, 2 (1, N = 66) = 0.012, p = 0.912. Responses for the same also did not differ by 
frequency of prior gameplay, Fisher’s Exact (N = 66), p = 0.017 (See Table 14). 
 ParabolaX was fun to play Total 
Agree Disagree 
Frequently of 
prior gameplay 
occasionally 
Count 28 1 29 
% within Frequently play 96.6% 3.4% 100.0% 
frequently 
Count 27 10 37 
% within Frequently play 73.0% 27.0% 100.0% 
Total 
Count 55 11 66 
% within Frequently play 83.3% 16.7% 100.0% 
Table 14. Responses to ParabolaX was fun to play by frequency of prior gameplay 
The responses for ‘ParabolaX provided immediate feedback on my actions’ did 
not differ by gameplay version, Fisher’s Exact (N = 66), p = 0.476. Responses for the 
same also did not differ by gender, Fisher’s Exact (N = 66), p = 0.089. Responses for 
the same also did not differ by frequency of prior gameplay, Fisher’s Exact (N = 66), p = 
1.0. 
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The responses for ‘ParabolaX was very easy to finish’ did not differ by gameplay 
version, 2 (1, N = 66) = 4.521, p = 0.033 (See Table 15). Responses for the same also 
did not differ by gender, 2 (1, N = 66) = 2.629, p = 0.105. Responses for the same also 
did not differ by frequency of prior gameplay, 2 (1, N = 66) = 0.523, p = 0.470. 
 
 ParabolaX was very 
easy to finish 
Total 
Agree Disagree 
Gameplay 
Version 
full version 
Count 22 24 46 
% within Gameplay Version 47.8% 52.2% 100.0% 
basic version 
Count 4 16 20 
% within Gameplay Version 20.0% 80.0% 100.0% 
Total 
Count 26 40 66 
% within Gameplay Version 39.4% 60.6% 100.0% 
Table 15. Responses to ParabolaX was very easy to finish by gameplay version 
The responses for ‘ParabolaX made me more interested in math’ did not differ by 
gameplay version, 2 (1, N = 66) = 3.745, p = 0.053 (See Table 16). Responses for the 
same also did not differ by gender, 2 (1, N = 66) = 2.889, p = 0.089. Responses for the 
same also did not differ by frequency of prior gameplay, 2 (1, N = 66) = 1.697, p = 
0.193. 
 ParabolaX made me 
more interested in math 
Total 
Agree Disagree 
Gameplay 
Version 
full version 
Count 28 18 46 
% within Gameplay Version 60.9% 39.1% 100.0% 
basic version 
Count 7 13 20 
% within Gameplay Version 35.0% 65.0% 100.0% 
Total 
Count 35 31 66 
% within Gameplay Version 53.0% 47.0% 100.0% 
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Table 16. Responses to ParabolaX made me more interested in math by gameplay version 
The responses for ‘Time passed quickly while playing ParabolaX’ did not differ by 
gameplay version, Fisher’s Exact (N = 66), p = 0.579. Responses for the same also did 
not differ by gender, Fisher’s Exact (N = 66), p = 0.335. Responses for the same also 
did not differ by frequency of prior gameplay, Fisher’s Exact (N = 66), p = 1.0. 
The responses for ‘ParabolaX helped me explore different strategies for 
quadratic functions’ did not differ by gameplay version, Fisher’s Exact (N = 66), p = 
0.759. Responses for the same also did not differ by gender, 2 (1, N = 66) = 0.001, p = 
0.979. Responses for the same also did not differ by frequency of prior gameplay, 2 (1, 
N = 66) = 2.351, p = 0.125. 
Gameplay Data 
The gameplay data collected was analyzed to compare any differences between 
the full and basic gameplay versions. Mann-Whitney U tests were performed on the 
levels completed, number of attempts and number of replays for both the Parabola 
Draw and Line Draw gameplay levels with regard to gameplay version. Other data 
collected, such as time and level scores showed high degrees of variation and were not 
useful for analysis. 
Number of Parabola Draw levels completed did not significantly differ by 
gameplay version, U = 197.5, p = 0.122. The mean number of levels completed for the 
full version was 9.76 with a standard deviation of 6.247. The mean number of levels 
completed for the basic version was 14.08 with a standard deviation of 8.743. Figure 19 
shows the distribution of the levels completed for Parabola Draw between the two 
gameplay versions. 
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Figure 19. Boxplot of Parabola Draw levels completed by gameplay version 
Number of Parabola Draw level attempts did not significantly differ by gameplay 
version, U = 198.0, p =0.119. The mean number of attempts for the full version was 
46.2 with a standard deviation of 31.872. The mean number of attempts for the basic 
version was 70.17 with a standard deviation of 50.201. Figure 20 shows the distribution 
of Parabola Draw level attempts by gameplay version. 
 66 
 
 
Figure 20. Boxplot of Parabola Draw level attempts by gameplay version 
The number of Parabola Draw level replays did not significantly differ by 
gameplay version, U = 147.0, p = 0.922. The mean number of replays for the full 
version was 12.56 with a standard deviation of 18.487. The mean number of replays for 
the basic version was 8.92 with a standard deviation of 7.537. Figure 21 shows the 
distribution of Parabola Draw replays between gameplay versions. 
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Figure 21. Boxplot of Parabola Draw level replays by gameplay version 
The number of Line Draw levels completed did not significantly differ by 
gameplay version, U = 168.0, p = 0.548. The mean number of levels completed for the 
full version was 3.72 with a standard deviation of 5.549. The mean number of levels 
completed for the basic version was 6.33 with a standard deviation of 7.644. Figure 22 
shows the distribution of levels completed for Line Draw by gameplay version. 
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Figure 22. Boxplot of Line Draw levels completed by gameplay version 
Line Draw number of attempts did not significantly differ by gameplay version, U 
= 159.0, p = 0.764. The mean number of attempts for the full version was 13.84 with a 
standard deviation of 21.152. The mean number of attempts for the basic version was 
24.17 with a standard deviation of 36.851. Figure 23 shows the distribution of Line Draw 
number of attempts by gameplay version. 
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Figure 23. Boxplot of Line Draw number of level attempts by gameplay version 
The number of Line Draw level replays did not significantly differ by gameplay 
version, U = 138.0, p = 0.321. The mean number of replays for the full version was 0.52 
with a standard deviation of 1.851. There were no replays for the basic version. 
Level effectiveness was averaged for each player for both the Parabola Draw 
and Line Draw gameplay modes. The effectiveness is a percentage indicating how 
close the player’s answer was to the target for the level, with 100% being perfect. Figure 
24 and Figure 25 show the distribution of the mean player effectiveness for each 
gameplay mode by gameplay version. 
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Figure 24. Mean player effectiveness for Parabola Draw by gameplay version 
The Parabola Draw mean player effectiveness mean was 0.5812 for the full 
version with a standard deviation of 0.07435. The Parabola Draw mean player 
effectiveness mean was 0.5302 for the basic version with a standard deviation of 
0.03759. 
 
Figure 25. Mean player effectiveness for Line Draw by gameplay version 
The Line Draw mean player effectiveness mean was 0.7072 for the full version 
with a standard deviation of 0.08256. The Line Draw mean player effectiveness mean 
was 0.6652 for the basic version with a standard deviation of 0.09868. 
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Parent Survey Results 
The parent survey responses, while not able to be related to their child’s 
responses, are still interesting in their own right. The responses help frame the 
environment of the participants as it relates to digital games. 
Parents were asked how well they agreed with five statements relating to digital 
games. Parent’s perspectives on the use of digital games were overall positive. The 
majority of parents agreed that digital games in the classroom makes them excited and 
that school recommended digital games would benefit learning (See Figure 26 & Figure 
27). Most parents who did not agree choose to remain neutral rather than disagree with 
these statements. 
 
Figure 26. Parent response to the use of educational digital games in school 
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Figure 27. Interest in school recommended digital games by parents 
The majority of parents indicated that they don’t play or enjoy digital games 
frequently (See Figure 28). This is quite different from the child responses which 
indicated that most students frequently played digital games. Additionally, parents 
strongly disagreed with the statement that they play digital games frequently with their 
child (See Figure 29). 
 
Figure 28. Parent indication of how frequently they play digital games 
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Figure 29. How much parents play digital games with their child 
Parents indicated a lingering concern for digital games in general. Of the 
responses 50% of parents agreed that they are concerned about the effects of digital 
games on their child’s behavior (See Figure 30). The largest response was neutral at 
30% of all parents. 
 
Figure 30. Parent responses relating to concerns that digital games promote inappropriate behavior 
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In addition to the previous statements, parents were also asked if they had any 
rules about limiting the time their child plays games. The responses were fairly split, 
with 52% indicating they had rules and 48% that did not. Figure 31 shows rules for the 
parents who indicated they had them. The most common rule was that time was limited 
to a specific amount, such as 1 hour per day. 
 
Figure 31. Parent’s rules related to limiting time spent playing digital games 
Parents were also asked if they used digital game ratings to limit which games 
their child plays. The majority, 57% indicated they didn’t use any of the rating systems 
while 43% did. The parents who used rating systems either allowed specific ratings only 
or used a game’s rating as part of their subjective decision to allow their child to play 
(See Figure 32). 
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Figure 32. How parents use digital game ratings 
Feedback 
User feedback was collected with the post survey with 66 respondents. 
Feedback consisted of what players liked, didn’t like, and suggestions for improvement. 
These free-form responses were categorized for each survey question.  Some 
responses were counted in multiple categories where appropriate. Figure 33 shows the 
responses for what participants liked the most about ParabolaX. The highest category 
was responses which indicated that ParabolaX was a fun alternative to normal 
coursework.  
0 2 4 6 8 10
No reason given
Subjective case by case
Allow specific ratings only
How digital games are limited 
using ratings 
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Figure 33. What participants liked the most about ParabolaX 
The responses for what players liked the least were less varied. Figure 34 shows 
the responses by category. Players indicated as the most common frustration that the 
scoring within the game was too sensitive. They also indicated that ParabolaX did not 
give enough explanation or guidance while playing. 
 
Figure 34. What participants liked the least about ParabolaX 
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Figure 35. Improvements for ParabolaX suggested by participants 
The suggestions for improvement reinforces what the players liked the least. 
Figure 35 shows the responses by category for the suggestions. The most indicated 
suggestion was to improve explanations within the game or add guided or tutorial levels.  
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Gesture Recognition Performance 
While not critical to the research questions under study, the performance of the 
gesture recognition was recorded to evaluate the new implementation and guide future 
improvements. A total of 13 participants tried the gameplay involving gesture 
recognition. Some participants were unable due to older iPad hardware. Figure 36 
shows the accuracy of the gesture recognition for the Parabola Motion gameplay. The 
majority of the motion gestures were not able to be recognized. 
 
Figure 36. Accuracy of gesture recognition used within ParabolaX 
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Discussion 
The results are mixed on ParabolaX teaching players to understand quadratic 
functions. There was a slight increase in the mean weighted score percentage between 
the math problems in the pre- and post-gameplay surveys, 23.49% to 25% (Table 6). 
The mean percentage of problems attempted by participants also increased, 69.19% to 
77.27% (Table 6). However, the differences pre- and post-gameplay were small and not 
statistically significant. Figure 18 shows the distribution of mean weighted score 
percentages trending towards an increase in achievement but the effect is very small.  
When looking at participants’ scores across the independent variables of 
gameplay version, frequency of prior gameplay, gender, and use of a shared device, 
there were also no statistically significant differences. However, across all group 
analysis, participants who play digital games frequently tended to have improved scores 
post-gameplay and more problems attempted (Table 7, Table 8, and Table 9). 
There is no concluding evidence to accept H1; Educational digital games, like 
ParabolaX, improve students’ ability to recognize properties and concepts of quadratic 
functions. The trends in the data are still encouraging even though none were 
significant. Participants did perform slightly better on average after playing ParabolaX 
regardless of gameplay version, gender, and prior gameplay experience. Participants 
who play digital games frequently tended to do better after playing ParabolaX. The 
intervention in this study, one class period, is quite a short time to show an improvement 
effect. The participants had approximately 15 minutes to play ParabolaX given the other 
research activities in the class period. Having learners play ParabolaX over the course 
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of a week for a controlled amount of time may help increase the small positive effect 
seen in this study. 
 The responses to the post-gameplay survey indicate a high level of engagement 
with ParabolaX in all areas: cognitive, behavioral, and emotional (Table 10). Cognitively, 
participants agreed that ParabolaX helped them understand quadratic functions (68.2%) 
and explore different strategies (77.2%). Behaviorally, they indicated interest in using 
games like ParabolaX in class (87.9%) and as homework (90.9%). This suggests that 
learners are interested in modifying their behavior to include the use of digital games in 
their educational activities. Emotionally, participants found ParabolaX fun to play 
(83.3%) and that time passed quickly while playing (93.9%).  
 Not all engagement statements were strongly positive. Only 53% of participants 
agreed that ParabolaX made them more interested in math. Additionally, 57.6% of 
participants agreed with the statement that ParabolaX became boring after some time of 
playing. This indicates that while many had fun and enjoyed playing the game, in a non-
classroom environment they might not play ParabolaX when it became boring. 
However, the game has very specific goals. Once students achieve the goals of the 
game, understanding that a parabola arises from the product of two lines, locations of 
roots, and location of the vertex, they will have learned all the game is able to teach 
them. Improvements to ParabolaX could look at adding longer term learning goals or 
additional story/narrative to engage players after they have achieved the existing 
learning goals of the game. 
 When breaking down the engagement responses by gameplay version, gender, 
and frequency of prior gameplay, there were no statistically significant differences. This 
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is concerning as there is no statistical evidence to suggest that the game mechanics in 
the full version compared to the basic version are the cause for the high levels of 
engagement. This supports critics’ views that high levels of engagement seen in 
educational digital games may be due to the unique nature of the research experience 
and using a digital device. Typically in the classroom the learner would not be using a 
digital device. A few interesting trends do show up in the breakdown analysis of the 
engagement responses. 
 A number of tests were somewhat significant, but not enough given the 
Bonferroni correction used. 76.1% of participants playing the full version agreed that 
ParabolaX helped them understand quadratic functions compared to only 50% of the 
basic version (Table 11). This result could be considered marginally significant. It shows 
that the game mechanics in the full version seem to cause players to feel more 
confident about quadratic equations. Additional evidence in support of the full version is 
that 60.9% of participants playing the full version agreed that ParabolaX made them 
more interested in math compared to only 35% for the basic version (Table 16). The 
gameplay data collected also showed a higher level effectiveness for the full version. 
The mean player effectiveness was 58.12% for the full version compared to 53.02% for 
the basic version on Parabola Draw levels (Figure 24). The mean player effectiveness 
was 70.72% for the full version compared to 66.52% for the basic version on Line Draw 
levels (Figure 25). These trends support that the game mechanics of the full version 
provide some increase in engagement. Unfortunately with the sample size and the 
number of tests performed, there is not enough data to provide statistical evidence. 
 82 
 
 Other responses were quite surprising when analyzed. Of participants who play 
digital games occasionally, 82.8% agreed that ParabolaX helped them understand 
quadratic functions compared to 56.8% of participants who play digital games frequently 
(Table 12). While not significant, the result is interesting. Similarly, 96.6% of participants 
who play games occasionally agreed that ParabolaX was fun to play compared to 73% 
for participants who play games frequently (Table 14). This test could be considered 
marginally significant, but it doesn’t meet the target alpha threshold. The participants 
who played games more frequently tended to have better scores after playing 
ParabolaX, but they feel that the game didn’t teach them as much and they also didn’t 
find it as fun to play.  
One possible reason for this is that players who play games frequently are trying 
to finish the game quickly, while other players are trying to understand and learn while 
they play. The players who feel they are learning something in turn might also feel that 
the game was more fun. The frequency of prior gameplay deserves further research in 
light of these results which support the thought that digital games for education 
purposes might be better suited to occasional game players. 
 As a whole, the high level of positive engagement responses provides good 
supporting evidence for H2: Educational digital games, like ParabolaX, make the study 
of quadratic concepts more engaging to students. Players seem highly engaged at 
cognitive, emotional, and behavioral levels. Many felt that playing ParabolaX helped 
them understand quadratic equations. Yet, there is no statistical evidence that the game 
mechanics included in the full version when compared with the basic version provides 
increased engagement. Only a few engagement statements showed support that the full 
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version of ParabolaX provides higher engagement than the basic version. Given the 
lack of statistical evidence H2 must be rejected. There is not enough support to reject 
critics’ claims that game mechanics do not increased engagement.  
Testing the effects of the ParabolaX versions over a longer intervention might 
magnify any engagement interaction allowing a more definitive result. It would also be 
interesting to study the game with learners who use digital devices regularly in the 
classroom. As some school districts are providing iPads and other equipment to their 
learners, the novelty of the device should degrade. Testing educational games in that 
environment would help identify if the game mechanics are providing high levels of 
engagement. Another issue might be that the differences between the gameplay 
versions are not significant enough. While the basic version is missing many of the 
game like features, the core gameplay to solve a level is the same. Improving the core 
gameplay in the full version and leaving the gameplay as it exists in the basic version 
may be an interesting investigation as well. 
 As mentioned previously, due to errors in the research design, the parental 
survey responses could not be related to their student’s survey data. Thus there is no 
evidence available to support H3: Parental perception of video games positively 
correlates with their child’s engagement levels. The responses from the parental survey 
are still of value for providing insight to the educational community.  
 There is room for participation of schools to help parents decide which digital 
games their children should be playing; 58% of parents agreed that school 
recommended digital games would help their child’s learning while only 12% disagreed 
(Figure 27). Education systems have the opportunity to fulfill a need and perhaps 
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recommend digital games that are good matches with the school curriculum. There is 
still a need for the educational community to convince parents of the value of digital 
games. Only 53% of parents agreed that educational games used in the classroom 
excite them (Figure 26). Concerns about the negative effects of digital games persist, 
with 50% of parents indicating they have some concern (Figure 30). Research related to 
educational games has room to help convince parents to get on board with using games 
for their child’s benefit.  
 Not entirely unexpected, but only 24% of parents agree that they frequently enjoy 
playing digital games and only 14% agree that they frequently play digital games with 
their child (Figure 28 and Figure 29). It could be interesting to see if educational digital 
games that are played with a parent have better impact on a learner than games played 
alone or with peers. 
 In addition to the research goals, another important goal of this research is to 
collect feedback on how to improve ParabolaX and other digital games designed for 
educational purposes. ParabolaX has room for improvement in a few areas and the 
responses were fairly clear about what players would like to see changed. 
 Players indicated that the best part of ParabolaX was that it was a fun alternative 
to normal coursework (Figure 33). As experienced in the engagement responses, most 
players had fun while playing ParabolaX. The interesting part of this feedback is that it is 
a fun alternative but that does not mean players would find it fun outside of a classroom 
experience.  
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 Players found the scoring to be too difficult and left little room for error. They also 
complained about the lack of in-game explanations and guidance. These complaints 
follow through to the suggested improvements. The vast majority of players would like 
to see improved explanations or a guided play to help them understand how to play 
initially. Future iterations of ParabolaX should focus on improving the learning curve of 
the game. Guided levels where concepts are introduced gradually would help meet 
player concerns. Additionally, players were discouraged at the bugs found while playing. 
The motion recognition implementation was not successful in improving the percentage 
of successful motion detections. Additional comparison sets for the gesture detection or 
user calibration might increase future detection rates. 
 Hopefully future versions of ParabolaX will effectively address these concerns 
and provide additional evidence that ParabolaX teaches quadratic functions.  
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Appendix A - Pre-Gameplay Survey 
Help us design this new digital game by answering the following questions. 
Digital Game Definition 
A digital game is defined as any game which is played on an electronic device, including casual free 
games. Digital games occur on a number of platforms, such as game consoles, mobile phones, 
computers or the internet. Examples of digital games include Call of Duty, Angry Birds, Words with 
Friends, WiiPlay, FarmVille and thousands more. 
1. What is your gender? 
[ ] Male  [ ] Female 
2. How often do you play digital games?  
[ ] Never 
[ ] A few times every year 
[ ] A few times every month   
[ ] Several times a week  
[ ] Everyday 
3. I’m excited to play the ParabolaX game 
[ ] Strongly Agree [ ] Agree [ ] Disagree  [ ] Strongly Disagree 
4. Locate the vertex and roots of this parabola by circling the approximate location. Label the 
roots with ‘r’ and the vertex with ‘v’. If you are unsure leave this question blank. 
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5. Draw the approximate parabola in each of the graphs by multiplying the linear lines. Label 
the roots with ‘r’ and the vertex with ‘v’ for each parabola. If you are unsure leave this 
question blank. 
a.  
 
 
b.  
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Appendix B – Post-Gameplay Survey 
Help us design this digital game by answering the following questions. 
1. Please indicate how much you agree or disagree with the following statements by circling 
your response. 
 Yes   No 
Using ParabolaX helped me 
understand quadratic 
functions better. 
Strongly 
agree 
Somewhat 
agree 
Somewhat 
disagree 
Strongly 
disagree 
I would be interested in using 
games like ParabolaX in math 
class. 
Strongly 
agree 
Somewhat 
agree 
Somewhat 
disagree 
Strongly 
disagree 
I would be interested in using 
games like ParabolaX instead 
of some of my homework. 
Strongly 
agree 
Somewhat 
agree 
Somewhat 
disagree 
Strongly 
disagree 
ParabolaX helped me learn 
from my mistakes. 
Strongly 
agree 
Somewhat 
agree 
Somewhat 
disagree 
Strongly 
disagree 
ParabolaX was neither too 
difficult nor too easy. 
Strongly 
agree 
Somewhat 
agree 
Somewhat 
disagree 
Strongly 
disagree 
ParabolaX become boring 
after some time of playing. 
Strongly 
agree 
Somewhat 
agree 
Somewhat 
disagree 
Strongly 
disagree 
ParabolaX was fun to play. 
Strongly 
agree 
Somewhat 
agree 
Somewhat 
disagree 
Strongly 
disagree 
ParabolaX provided 
immediate feedback on my 
actions. 
Strongly 
agree 
Somewhat 
agree 
Somewhat 
disagree 
Strongly 
disagree 
ParabolaX was very easy to 
finish. 
Strongly 
agree 
Somewhat 
agree 
Somewhat 
disagree 
Strongly 
disagree 
ParabolaX made me more 
interested in math 
Strongly 
agree 
Somewhat 
agree 
Somewhat 
disagree 
Strongly 
disagree 
Time passed quickly while 
playing ParabolaX 
Strongly 
agree 
Somewhat 
agree 
Somewhat 
disagree 
Strongly 
disagree 
ParabolaX helped me explore 
different strategies for 
quadratic functions 
Strongly 
agree 
Somewhat 
agree 
Somewhat 
disagree 
Strongly 
disagree 
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2. What did you like most about this digital game?  Why? 
 
 
 
 
3. What did you like the least about this digital game?  Why? 
 
 
 
 
4. What would you suggest to make this digital game better? 
 
 
 
5. Locate the vertex and roots of this parabola by circling the approximate location. Label the 
root(s) with ‘r’ and the vertex with ‘v’. If you are unsure leave this question blank. 
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6. Draw the approximate parabola in each of the graphs by multiplying the linear lines. Label 
the roots with ‘r’ and the vertex with ‘v’ for each parabola. If you are unsure leave this 
question blank.
a.  b. 
 
 
 
 
 
 
 
 
 
 
c. 
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Appendix C - Parent/Legal Guardian Survey 
Help us evaluate this digital game by answering the following questions. Please return 
this survey with the parental consent form. 
Digital Game Definition 
A digital game is defined as any game that is played on an electronic device, including 
casual free games. Digital games occur on a number of platforms, such as game 
consoles, mobile phones, computers or the internet. Examples of digital games include 
Call of Duty, Angry Birds, Words with Friends, WiiPlay, FarmVille and thousands more. 
1. Please indicate how much you agree or disagree with the following statements 
 
 
 
 
 
  
The use of educational 
digital games in the 
classroom excites me. 
Strongly 
agree 
Somewhat 
agree 
Neither 
Agree nor 
Disagree 
Somewhat 
disagree 
Strongly 
disagree 
Digital games are an activity 
that I frequently enjoy. 
Strongly 
agree 
Somewhat 
agree 
Neither 
Agree nor 
Disagree 
Somewhat 
disagree 
Strongly 
disagree 
I frequently play digital 
games with my child. 
Strongly 
agree 
Somewhat 
agree 
Neither 
Agree nor 
Disagree 
Somewhat 
disagree 
Strongly 
disagree 
School recommended digital 
games would be a benefit to 
my child’s learning.   
Strongly 
agree 
Somewhat 
agree 
Neither 
Agree nor 
Disagree 
Somewhat 
disagree 
Strongly 
disagree 
I have a concern that some 
digital games may cause my 
child to act inappropriately. 
Strongly 
agree 
Somewhat 
agree 
Neither 
Agree nor 
Disagree 
Somewhat 
disagree 
Strongly 
disagree 
2. I have rules that limit the time my child spends playing digital games. 
[ ] Yes [ ] No  If Yes, please briefly describe: 
 
3. I limit the digital games my child can play using ratings, such as the ESRB’s 
rating system. 
[ ] Yes [ ] No  If Yes, please briefly describe: 
